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MONO-DIAMETER WELLBORE CASING 
Cross Reference To Related Applications 
This application is a continuation-in-part of U.S. utility application serial number 
09/454,139, attorney docket mtvber 25791.3.02. filed on 12/3/1999, which daimed the 

5 benefit of the filing date of U.S. provisional patent application serial numt>er 

60/1 1 1 ,293, attorney dodcet number 25791 .3, filed on 1 2/7/1 998. the disclosures of 
which are incorporated herein by reference. 

This application Is related to the following: (1) U.S. patent application serial no. 
09/454,139, attorney dodcet no. 25791.03.02, filed on 12/3/1999, (2) U.S. patent 

10 application serial no. 09/51 0,91 3. attorney docket no. 25791 .7.02, filed on 2/23/2000, 
(3) U.S. patent application serial no. 09^2.350, attorney docket no. 25791.8.02, filed 
on 2/10/2000. (4) U.S. patent application serial no. 09/440.338, attorney docket no. 
25791.9.02, fiied on 11/15/1999. (5) U.S. patent application serial no. 09/523.460, 
attorney docket no. 25791 . 1 1 .02. filed on 3/1 0^000, (6) U.S. patent application serial 

15 no. 09/512,895, attorney docket no. 25791 .12.02, filed on 2/24/2000, (7) U.S. patent 
appllcaficm serial no. 09/51 1 .941 , attorney docket no. 25791 .16.02. fBed on 2/24/2000. 
(8) U.S. patent application serld no. 09^8.946. attorney docket no. 25791 .17.02, filed 
on 6/7/2000, (9) U.S. patent application serial no. 09/559,122, atlbmey docket no. 
25791 .23.02. filed on 4/26/2000. (10) PCT patent applteaUon serial no. 

20 PCTAJS0(yi8635. attorney docket no. 25791.25.02. filed on 7/9/2000. (11) U.S. . 
provisional patent applicatton serial no. 60/162.671 . attorney docket no. 25791 .27. filed 
on 11/1/1999, (12) U.S. provistonai patent application serial no. 60/154.047. attorney 
docket no. 25791 .29. filed on 9/16/1999. (13) U.S. provi^onal patent applk»tion serial 
no. 60/159.082. attorney docket no. 25791 .34. filed on 10/12/1999. (14) U.S. 

25 provistonai patent application serial no. 60/1 58.039. attom^ docket no. 25791 .36. filed 
on 10/12/1999. (IS) U.S. provlstonal patent application serial no. 60/159.033, attorney 
docket no. 25791 .37. filed on 10/12/1i999. (16) U.S. provistonal patent application serial 
no. 60/212,359, attorney docket no. 25791.38, filed on 6/19/2000. (17) U.S. provisional 
patent application serial no. 60/165,228. attorney docket no. 25791 .39. filed on 

30 11/12/1999, (18) U.S. provlstonal patent appiicatton serial no. 60/221,443, attorney 
docket no. 25791.45. filed on 7/28/2000. (19) U.S. provisional patent application serial 
no. 60/221,645, attorney docket no. 25791.46, filed on 7/28/2000. (20) U.S. provisional 
patent application serial no. 60/233.638. attorney docket no. 25791.47, filed on 
9/18/2000, (21) U.S. provisional patent appiicatton serial no. 60/237,334. attorney 

35 docket no. 25791 .48. filed on 1 0/2/2000. and (22) U.S. provisional patent appltoation 
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serial no. 60/262,434. attorney docket no. 25791.51, filed on 1/17/2001. the disclosures 
of which are incorporated herein by reference. 

Background of the Invention 
This inventton relates generally to wellbore casings, and In particular to welltx)re 

5 casings tfmt are formed using expandable tubing. 

Conventbnally, when a wellbore is created, a nunnber of casings are installed in 
the borahoie to prevent collapse of the borehole wall and to prevent undestred outfksw 
of drflling flukJ into the fonmatkm or infk>w of fluid from the formation Into the borehole. 
The borehole Is drilled in intervals whereby a casing which is to be installed in a lower 

10 borehole interval is lowered through a prevk>usty installed casing of an upper borehole 
interval. As a consequence of this procedure the casing of the lower interval is of 
smaller diameter than the casing of the upper Inten/al. Thus, the casings are in a 
nested arrangement with casing diameters decreasing in downward dlrectton. Cement 
annuH are pnovMed between the outer surfaces of the casings and ttie borehole wall to 

1 5 seal the casings from the borehole wall. As a consequence of this nested arrangement 
a relatively large borehole diameter Is required at the upper part of the wellbore. Such 
a laige borehole dlanneter involves increased costs due to heavy casing handling 
equipment, large drill bits and Increased volumes of drilling fluid and drill cuttings. 
Moreover, increased drilling rig time is involved due to required cement pumping, 

20 cement hardening, required equiprrmnt changes due to laige variations in hole 

diameters dniled In the course of the well, and the large volume of cuttings drilled and 
removed. 

The present invention is directed to overcoming one or more of the linnitattons of 
the misting procedures for forming new 8ecik>ns of casing In a wellbore. 
25 Summaiy of the Invention 

According to one aspect of the present irwentibn, an apparatus for forming a 
wellbore casing In a borehole located in a subterranean formatton including a 
preexisting wellbore casing is provkied that includes a support memt>er including a first 
fluid passage, an expansion cone coupled to the support memt)er including a second 
. 30 flukl passage fluklidy coupled to the first fluid passage, an expandable tubular liner 
rTK)vably coupled to the expansion cone, and an expandable shoe coupled to the 
expandable tubular liner. 

According to another aspect of the present invention, a shoe is provided that 
includes an upper annular portion, ari intermediate annular portton, and a lower annular 
35 portton. The intenmediate annular portion has an outer circumference that is larger 
than the outer drcumferences of the upper and lower annular porttons. 
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According to another aspect of the present invention, a rro 
wellbore casing in a subterranean fomnation having a preexisting wellbore casing 
positioned in a borehole provided that includes installing a tubular liner, an expansion 
cone, and a shoe in ttie borehole, radially expanding at least a portion of the shoe by 
5 Injecting a fluidic material into the shoe, and radially expanding at least a portion of the 
tubular liner by injecting a fluidic material into the borehole below the expansion cone. 

According to another aspect of tto present Invention, an apparatus for fonnlng 
a wellbore casing in a subterranean fomnation having a preexisting wellbore casing 
positioned in a borehole is provided tiiat includes means for installing a tubular liner, an 
10 expansion cone, and a shoe in the borehole, means for radially exparttJing at least a 
portion of ti>e shoe, and means for radially expanding at least a portion of ti)e tubular 
liner 

According to another aspect of the present invention, an apparatus for fbnning 
a wellbore casing within a subterranean formation including a preexisting wellbors 

1 5 casing positioned in a borehole is provided that includes a tubular liner, and means for 
radially expanding and coupling tiie tubular liner to an overlapping portion of the 
preexisting wenbore casing. The inside diameter of the radially expanded tubular liner 
is substantially equal to the inside diameter of a non-overlapping portion of the 
premistlng wellbore casing. 

20 According to another aspect of the present Invention, a wellbors casing 

positioned In a borehole within a subterranean fbrmation is provided ttmt includes a first 
welttxm casing, and a second wellbore casing coupled to and overlapping with the first 
welibora casing. The second wellbore casing is coupled to the first wellboro casing by 
ttie process of: Installing the second wellbore casing, an expansion cone, and a shoe In 

25 ttie borshols, radially expanding at least a portion of the shoe by injecting a fluidic 
nrvateriai Into ttie shoe, and radially expanding at least a portion of ttie second wellbore 
casing by Injecting a fluidic material into ttve borehole below ttie expansion cone. 

According to anottter aspect of ttie present invention, a mettiod of fbnming a 
tubular stnicture in a subterranean formation having a preexisting tubular member 

30 positioned in a borehole is provided ttiat Includes Installing a tubular liner, an expansion 
cone, and a shoe in the borehole, radially expanding at least a portion of ttie shoe by 
Injecting a fluidic material into the shoe, and radially expanding at least a portion of ttie 
tubular liner by IriiecUng a fluidic material Into ttie borehole below the expansion cone. 
According to another aspect of the present invention, an apparati^ for forming 

35 a tubular stmcture in a subterranean fbnmation having a preexisting tubular member 
positioned In a borehole I& provided that Includes means for Installing a tubular liner, an 
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expansion cone, and a shoe in the borehole, nneans for radially expanding at least a 
portion of the shoe, and nneans for radially expanding at least a portion of the tubular 
liner. 

Aooording to another aspect of the present invention, an apparatus for fonrning 

5 a tubular stnicture within a subterranean formation including a preexisting tubular 
mennber positioned in a tx)ret)ole is provided that includes a tubular liner and nneans for 
radially expanding and coupling the tubular liner to an overlapping portion of the 
preexisting tubular member. The inside dianneter of the radially expanded tubular liner 
Is substantially equal to the inside diameter of a noivoveriapping portion of tite 

10 preexisting tubular nnember. 

Aooording to another aspect of the present invention, a tubular structure 
positioned in a borehole within a subterranean fbnnation is provided that includes a first 
tubular member and a seoond tubular member coupled to and overlapping with the ftet 
tubular member. The second tubular mennber is coupled to the first tubular member by 

15 the processor: Installing the seoond tubular memt>er, an expansion cone, and a shoe 
in the borehole, radially expanding at least a portion of the shoe by injecting a fluidic 
material into the shoe, and radially expanding at least a portion of the seoond tubular 
member by ir^ecting a fluldio matertal Into the borehole below the expansloh cone. 

Brief Description of. the Drawings 

20 FIG. 1 is a fragmentary cross-secUonal view Illustrating the drilling dt a new 

section or a well borehole. 

FIG. 2 te a fragmentary cross-sectionai view illustrating ttie placement of an 
embodiment of an apparatus for creating a mono-diameter wellbore casing within the 
new section of flie well borehole or FIG. 1. 

25 FIG. 2a is a cross-secUonal view of a portion of the shoe of the apparatus of 

FIG. 2. 

FIG. 2b Is a crDss-secttonal view of another portion of the shoe or ttie apparatus 
or FIG. 2. 

FIG. 2c is a cross-sectional view of another portion of the shoe of ttte apparatus 
30 or FIG. Z 

FIG. 2d is a cross-sectional view of another portion of the shoe erf tiie apparatus 
of FIG. Z 

FIG. 2e is a cross-sectional view or a portion or the shoe oT ttie apparatus of 
FIG. 2a 
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FIG. 3 is a fragmentary cross-secHonal view illustrating the injectton of a 
hardenable fluidic sealing material through the apparatus and into the new sectton of 
the well borehole of FIG. 2. 

FIG. 3a is a cross-secHonal view of a portion of the shoe of the appieratus of 

5 FIG. 3. 

FIG. 3b is a cross-sectional view of a portion of the shoe of the apparatus of 
FIG. 3a. 

FIG. 4 is a fragmentary crc^s-sectional view illustiating the inj^tion of a fluidic 
material into the apparatus of FIG. 3 in mier to fluidiciy folate the interior of the shoe. 
10 FIG. 4a Is a cross-sectional view of a portion of the shoe of the apparatus of 

FIG. 4. 

FIG. 4b is. a cross-sectional view of a portion of the shoe of the apparatus of 
FIG. 4a. 

FIG. 5 is a cross-secticHial view illustrating the radial expansion of th^ 

15 FIG. 4. 

FIG. 6 is a cross-sectional view illustrating the lowering of the expandable 
expansion oone Into the radially expanded shoe of the apparatus of FIG. 5. 

FIG. 7 is a cross-sectional view illustrating the expansion of the expandable 
expansion cone of the apparatus of FIG. 6. 
20 FIG. 8 is a cross-^ecHonal view yiustrating the hijecfion of fluidic material into 

the radially exparKied shoe of the apparatus of FIG. 7. 

FIG. 9 te a cross-secUonal view illustrating the completion of the radial 
expansion of the expandable tubular memt)er of the apparatus of FIG. 6. 

FIG. 10 is a cross-sectional view illustrating the removal of the bottom portion of 
25 the radially expanded shoe of the apparatus of FIG. 9. 

FIG. 1 1 te a cross-secUonai view illustrating the fomiation of a monoKliameter 
welibore casing that includes a plurality of overtapping monoKllamoter wellbore 
casings. 

FIG. 12 is a fragmentary cross-secUonal view illustrating the placement of an 
30 altemative embodiment of an apparatus for creating a nrK>n(Kiiameter wellbore casing 
within the wellbore of FIG. 1 . 

FIG. 12a is a crossrsectional view of a portion of the shoe of the apparatus of 
FIG. 12. 

FIG. 12b Is a cross-sectional view of a portion of the shoe of the apparatus of 
35 FIG. 1Z 
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FIG. 1 2c is a cross-sectional view of another portion of the shoe of the 
apparatusof FIG. 12. 

FIG. 12d is a cross-sectional view of another portion of the shoe of the 
apparatusof FIG. 12. 

5 FIG. 13 is a fragmentary cross-sectional view illustrating the injection of a 

hardenable fluidic seaHng niaterial through the apparatus and into the new section of 
theweilt)oreholeofFIQ.12. 

FIG. 13a Is a aoss-secUonal view of a portion of the shoe of the apparatus of 
FIG. 13. 

10 FIG. 14 is a fragmentary cross-sectional view illustrating the injection of a fluidic 

material into the apparatus of FIG. 1 3 in onjer to fluididy Isolate the interior of the shoe. 

FIG. 14a is a cross-sectional view of a portion of the shoe of the apparatus of 
FIG. 14. 

FIG. 15 is a cross-sectional view illustrating the radial expansion of the shoe of 
15 FIG. 14. 

FIG. 16 is a cross-sectional view illustrating the lowering of the expandable 
expansion cone into the radially expanded shoe of the apparatus of FIG. 15. 

FIG. 17 is a cross-sectional view illustrating the expansion of the expandable 
expansion cone of the apparatus of FIG. 16. 
20 FIG. 1 6 is a cross-secllonal view illustrating the ir^ection of fluidic material into 

the radially expanded shoe of the apparatus of FIG. 17. 

FIG. 19 is a cross-sectional view Illustrating the completion of the radial 
expansion of the expandatste tubular member of the apparatus of FIG. 18. . 

FIG. 20 isa cross^secHonal view illustrating the removal of the bottom portion of 
25 the racfiaBy expanded shoe of the apparatus of FIG. 19. 

Detailed Description of the Illustrative Enrtbodiments 
Referring initiaily to FIGS. 1 , 2, 2a. 2b, 2c 2d, 2e, 3, 3a, 3b. 4, 4a, 4b, and 5* 
10, an embodiment of an apparatus and method for fomning a nxmo-diameter wellbore 
casing within a subterranean formation will now be described. As illustrated in Fig. 1 , a 
30 wellbore 100 positioned in a subterranean formation 105. The weilbore 100 includes 
a preexisting c^ed section 110 having a tubular casing 115 and an annular outer 
layer 120 of a fluidic sealing material such as, for example, cement. The welibore 100 
may be positioned in any orientation from vertical to horizontal. In several alternative 
embodiments, the pre-existing cased section 110 does not include the annular outer 
35 layer 120. 
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In order to extend the wellbore 100 into the subterranean fonnation 105. a drill 
string 125 is used in a well known manner to drill out material from the subtenanean 
fbmration 1 05 to form a new wellbore section 1 30. In a prefened embodiment, the 
inside diameter of the new wellbore section 130 is greater than the inside diameter of 
5 the preexisting wellbore casing 115. 

As illustrated in FIGS. 2. 2a, 2b, 2c 2d, and 2e, an apparatus 200 for fbnning a 
wellbore casing in a subterranean fomnation is then positioned in the new section 130 
of the wellbore 1 00. The apparatus 200 preferably includes an expansion corte 205 
having a fluid passage 205a that supports a tubular member 210 that includes a lower 
10 portion 210a, an intennediate portion 210b, an upper portion 210c and an upper end 
portion 210d. 

The expansion cone 205 may be any number of conventional commerdaHy 
available expansion cones, in several alternative embodiments, the expansion cone 
205 may be oontroilabty expandal)le in the radial direction, for example, as disclosed in 

15 U.S. patent nos. 5,348,095, and/or 6,01 2,523, the disdosures of which are 
incorporated herein by reference. 

The tubular member 210 may be fabricated from any number of conventional 
oommerdaily available materials such as, for example, Ollfieid Country Tubular Goods 
(OCTO), 13 chromium steel tubing/casing, or plastic tubing/casing. In a prefened 

20 embodiment, the tubular member 210 Is fabricated from 0CT6 in order to maximize 
strength after expansion. In several altemative embodiments, the tubular member 210 
may be solid and/or slotted. For typical tubular member 210 materials, the length of 
the tubular member 210 is preferably limited to between about 40 to 20,000 feet In 
length. 

25 The lower portion 210a ofthe tubular nriismber 210 prefer 

inside diameter than the upper portion 210c of the tubular member. In a pr^ienred 
embodiment, the wall thickness of the bntemnediate portion 210b of the tubular rramber 
201 is less than the wall thickness of the upper portion 210c of the tubular member in 
order to facUitate the initiation of the radial expansion process. In a prsferred 

30 embodiment, the upper end portion 21 Od of the tubular m^nber 21 0 is sbtted, 

perforated, or otherwise nKxlified to catch or slow down the expansion cone 205 when 
it completes the extrusion of tubular member 210. In a preferred embodiment, wall 
thickness of the upper end portion 210d of the tubular member 210 is gradually tapered 
In order to gradually reduce the required radial expar^ion forces during ti)e latter 

35 stages of the radial expanskxi process. In this manner, shock loading conditions 
during the latter st^es of the radial expansion process are at least mlifiimizBd. 
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A shoe 21 5 is coupled to the lower portion 21 Oa of the tutnilar mmber. The 
shoe 21 5 includes an upper portion 21 5a, an Intermediate portion 21 5b, and lower 
portion 21 5c having a valveable fluid pass^e 220 that is preferably adapted to receive 
a plug, dart, or other similar element for controllably seating the fluid passage 220. In 
this manner, the fluid passage 220 may be optimally sealed off by introducing a plug, 
dart and/or ball sealing elements Into the fluid passage 220. 

The upper and lower portions, 215a and 215c of the shoe 215 are pre^bly 
substantially tubular, and the intermediate portion 215b of tt^e shoe is preferably at 
least partially folded inwardly. Furttiennore, In a preferred erhbodiment, when the 
intemnedlate portion 215b of the shoe 215 is unfolded by the application of fluid 
pressure to the interior region 230 of the shoe, the inside and outside diameters of the 
intemnediate portion are preferably botti greater ttian the inside and outside diameters 
of ttie upper and lower portions, 215a and 215a In this manner, ttie outer 
circumference of ttte intermediate portion 215b of the shoe 215 is preferably greater 
ttian ttie outside drcumfierences of ttie upper and lower portions, 215a and 215b, of the 
shoe. 

In a preferred embodiment, ttie shoe 21 5 further includes one or more ttvough 
and side outfet ports in fluidic communication wtth ttie fluid pKsage 220. In ttiis 
manner, the shoe 215 optimally injects hardenable fluidic sealing matortal into ttie 
region outside the shoe 21 5 and tubular member 210. 

in an attemative enlbodlment, ttie flow passage 220 is omitted. 

A support member 225 having fluid passages 225a and 225b Is coupled to ttie 
expansion oone 205 for supporting ttie apparatus 200. The fluid passage 225a is 
preferably flukJidy coupled to ttie Md passage 205a. In ttiis manner, fluidic materials 
may be conveyed to and from ttie region 230 below the expansion oone 205 and above 
ttie bottom of ttie shoe 215. The fluid passage 225b is preferably fluididy coupled to 
the fluid passage 225a and indudes a conventional control valve. In ttite manner, 
during placement of ttie apparatus 200 wittiin ttie wellbore 100, surge pressures can be 
relieved by ttie fluid passage 225b. In a preferred embodiment, ttie support member 
225 further indudes one or more conventional oenttaHzers (ncrt illustrated) to help 
stabilize the apparatus 200. 

During placement of ttie apparati^ 200 within ttie wellbore 1 00, ttie fluid 
passage 225a is preferably selected to transport materials such as, for example, drilling 
mud or fbmriation fluids at flow rates and pressures ranging from about 0 to 3,000 
gallons/minute and 0 to 9,000 psi in order to minlnte drag on ttie tubular member 
being tun and to minimize surge pressures exerted on ttie wellbore 130 which oouM 
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cause a loss of wellbore fluids and lead to hole collapse. During placement of the 
apparatus 200 within the wellbore 100, the fluid passage 225b is preferably selected to 
convey fluidic materials at flow rates and pressures ranging fifpm at)out 0 to 3,000 
gallons/minuta and 0 to 9,000 psl in order to reduce the drag on the apparatus 200 

5 during insertion Into the new section 1 30 of the wellbore 1 00 and to minimize surge 
pressures on ttie new wellbore section 130. 

A cup seal 235 Is couple to and supported by the support memt)er 225. The 
cup seal 235 prevents foreign materials from entering the Interic^ region of the tubular 
member 210 adjacent to the expansion cone 205. The cup seal 235 may be any 

10 number of conventional commercially available cup seats such as, for example, TP 
cups, or Selective Injection Packer (SIP) cups modified in accordance with the 
teachings of the present disclosure. In a preferred embodinrant, the cup seal 235 is a 
SIP cup seal, availat)le from HalHburton Energy Services in Dallas, TX in order to 
optimally block foreign material and contain a body of lubricant In several altemative 

15 embodlmerrts. the cup seal 235 may include a plurality of cup seals. 

One or more sealing members 240 are preferably coupled to and supported by 
the exterior surfiaoe of the upper md portkm 210d of the tubular nnember 210. The 
sealing members 240 preferably provide ah overiappihg joint between the tower end 
portton 115a of the casing 1 15 and the upper end porflon 21 Od of the tubular member 

20 210. The sealing nriembers 240 rnay be any numt)er of co^^ 

available seals such as, for exanple, lead, rubber, Teftoruor epoxy seate nrKxIlfied In 
accordance with the teachings of the present disctosure. In a preferred embodiment, 
the sealing members 240 are moMed from Stratatock epoxy avallabto from Halliburton 
Energy Servloes In Dallas, TX in order to optimally provide a toad bearing Interference 

25 fit between the upper end portton 210d of the tubular member 210 and the lower end 
portkxi 1 15a of the existing casing 1 1 5. 

In a prefened embodinrmit, the sealing members 240 are selected to optimally 
provide a sufficient frictkxial force to support the expanded tubular member 210 from 
the existing casing 115. In a preferred embodiment the frictional force optimally 

30 provkted by the sealing members 240 ranges from atXHjt 1.000 to 1,000,000 Ibf In 
order to optimally support the expanded tubular member 21 0. 

In an altemative embodiment, the sealing memt)ers 240 are onrtitted from the 
upper end portton 21 Od of the tubular member 210, and a toad bearing metel-to-metal 
interference fit is provided between upper end portion of tfie tubular member and the 

35 kiwer end portton 1 15a of the existing c»)lng 115 by plastically deforming and radtelly 
expanding the tubuter mentber into oontect with the existing casing. 
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In a preferred embodiment, a quantity of lubricant 245 is provided in the annular 
region above the expansion cone 205 within the interior of the tubular nnember 210. In 
this manner, the extnision of the tubular member 210 off of the expansion cone 205 is 
fedlitated. The lubricant 245 may be any number crfoonYentional connmercially 



5 available lubricants such as, for example, Lubriplat^ chlorine based lubricants, oil 
tiased lubricants or Climax 1 500 Antisieze (3100). In a preferred embodiment, the 
lubricant 245 Is Qimax 1500 Antisieze (3100) availat)le frcm Oimax Lubricants and 
Equipment Co. in Houstm, TX in order to optimally provide optimum lubrication to 
fedlitate the expanston process. 

10 In a prefened embodiment, the support member 225 is thoroughly cleaned prior 

to assembly to the remaining portions of the apparatus 200. In this mariner, the 
iritroduction of foreign material into the apparatus 200 is minimized. This minimizes the 
possibility of foreign material clogging the various flow passages and valves of the 
apparatus 200. 

15 In a prefened embodiment, before or after positioning the apparatus 200 within 

the new section 130 of the wellbore 100, a couple of wellbore volumes are drculated in 
order to ensure that no foreign materials are located within the wellbofB 100 that might 
dog up the various flow passages and valves of the apparatus 200 and to ensure that 
no foreign material interferes wHh the expansion process. 

20 As illustrated in FIGS. 2 and 2e, in a preferred emtxxliment, during placement 

of the apparatus 200 within the wellbore 100, fluidic materials 250 within the wellbore 
that are displaced by the apparatus are at least partially conveyed through the fluid 
passages 220, 20Sa, 22Sa, and 225b. In this manner, surge pressures created by the 
plaoement of the apparatus vvlthin the weBbore 100 are reduced. 

25 As illustrated in FIGS. 3, 3a, and 3b, the fluid passage 225b is then closed and 

a hardenable fluidic sealing material 255 is then pumped from a surface, location into 
the fluid passages 225a and 205a. The material 255 then passes from the fluid 
passage 205a Into the Interior region 230 of the shoe 21 5 t>eiow the expansion cone 
205. The material 255 then passes from the interior region 230 into the fluid passage 

30 220. The material 255 tf^n exits the apparatus 200 and fills an annular region 260 
beKveen the exterior df the tubular member 210 and the interior wall of the new section 
130 of the weltt>ore 100. Continued pumping of the material 255 causes the material to 
fill up at least a portion o{ the annular regbn 260. 



35 and flow rates ranging, for example, from about 0 to 5000 psi and 0 to 1 ,500 

galkxisAnin, respectively. The optimum flow rate and operating pressures vary as a 




The niaterial 255 is preferably pumped into the annular region 260 at pressures 
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function of the casing and wellt>ore sizes» wellt)ore section length, available pumping 
equipment, and fluid properties of the fluidic material being pumped. The optimum flow 
rate and operating pressure are preferably detemnined using conventional empirical 
methods. 

5 The hardenable fluidtc sealing material 255 may be any number of oonventimal 

oommerdaliy available hardenat>le fluidic sealing materials such as. for example, s^ 
mix. cement, latex or epoxy. In a preferred embodiment, the hardenable fluidic sealing 
material 255 is a blended oenrtent prepared specifically for the particular well section 
being drilled from Halliburton Energy Services in Dallas, TX in order to provide optimal 

1 0 support for tubular memtier 210 while also maintaining optimum flow characteristics so 
as to minimize difficulties during the displacement of cement in the annular region 260. 
The optimum blend of the blended cement is preferably determined using conventional 
empirical methods. In several alternative embodiments, ttie hardenable fluidic sealing 
material 25>5 is compressible before, during, or after curing. 

15 The annular region 260 preferably is filled with the material 255 in sufficient 

quantities to ensure that, upon radial expansion of the tubular member 210, the annular 
region 260 of the new section 130 of the wellbore 100 will be filled with the material 
255. 

In an aKemaUve embodiment, the Irijection of the material 255 into tlie annular 
20 region 260 is onrMted, or Is provided after the radial mpanslon of ttie tubular member 
210- 

As illustrated In FIGS. 4, 4a, and 4b. once the annular region 260 has been 
adequately filled with the material 255, a plug 265, or ottier simBar device, is introduced 
into flie fluid passage 220, theretyy fluididy isolating the interior region 230 from-the 

25 arinular region 260. In a preferred embodiment, a non-hardenable fluUlc matnial 270 
is ttien pumped into the interior region 230 causing the interior region to pr In 
ttds manner, the Interior region 230 of the expanded tubular mender 21 0 will not 
contain significant amounts of the cured material 255. This also reduces and simplifies 
Vhe cost of ttie entire process. Alternatively, the material 255 may be used during this 

30 phase of ttie process. 

As Illustrated in FIG. 5. In a preferred embodiment, the continued injection of 
the fluidic material 270 pressurizes the region 230 and unfolds the intermediate portion 
215b of the shoe 215. In a preferred emt>odiment, the outside diameter of the unfolded 
intermediate portion 215b of the shoe 21 5 Is greater than the outside diameter of the 

35 upper and lower portions, 215a and 215b, of the shoe. In a preferred embodiment, the 
inside and outside diameters of the unfolded intermediate portion 215b of the shoe 215 
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are greater than the inside and outside diameters, respectively, of the upper and lower 
portions, 215a and 215b, of the shoe. In a preferred embodiment, the inside diameter 
of the unfolded intermediate portion 215b of the shoe 215 Is substantially equal to or 
greater Vhan the inside diameter of the preexisting casing 1 1 5 in order to optimally 

5 facilitate the formation of a mono-diameter wellbore casirig. 

As illustrated in FIG. 6, in a preferred embodiment, the expansion cone 205 is 
then lowered into the unfolded intennediate portion 215b of the shoe 215. In a 
prefenBd embodinrient, the expansion cone 205 is lowered Into the unfolded 
intenmediate portion 21 5b of ttie shoe 21 5 until the bottom of the expansion cone is 

10 proximate ttie lower portion 215c of the shoe 215. In a preferred embodiment, during 
tiie lowering of the expansion cone 205 Into ttie unfolded intemnediate portion 21 5b of 
ttie shoe 21 5. ttie material 255 wittiln ttie annular region 260 and/or the bottom of the 
wellbore section 130 maintains ttie shoe 215 in a substantially stationary position. 
As Mustrated in FIG. 7, in a preferred embodiment, ttie outekie dtameter of the 

15 expansion cone 205 is tiieri increased. In a prefsrred embodiment, the outelde 
diameter of ttie expansion cone 205 is increased as disdoeed in U.S. patent nos. 
5,348,005, and/or 6,012,523, ttie disclosures of which are inoorporate herein by 
reference. In a preferred embodiment, ttie outside diameter of the radtaily expanded 
expansion cone 205 is substantially equal to ttie inside diameter of the preexisting 

20 wellbore casing 115. 

in an alternative ennbodlment, ttie expansion cone 205 is not lowered into the 
radially expanded portion of the shoe 21 5 prior to being radially expanded. In this 
manner, ttie upper portion 210c of the shoe 210 may be radialty expanded by ttie radial 
expansion of the expansion cone 205. 

25 In anpttier altemative embodiment, ttie expansion cone 205 is not radially 

expanded. 

As iOi^tratad In FIG. 8, in a preferred embodiment, a fluidic material 275 then 
injected Into ttie region 230 ttvough ttie fluid passages 225a and 205a. In a prefennBd 
embodiment, onoe the interior region 230 becomes sufRcientiy pressurized, the upper 

30 portion 21 5a of the shoe 21 5 and ttie tubular nnember 21 0 are preferably plastically 
deformed, radially expanded, and extruded off of ttie expansion cone 205. 
Furthenfnore, in a preferred embodiment, during ttie end of the radial expansion 
process, ttie upper portion 210d of ttie tiibular member and the lower portton of the 
preexisting casing 1 1 5 that overiap witti one anottier are simultaneously plastically 

35 deformed arid radtaily expan(ted. In ttiis manner, a monoKliameter wellbore casing 
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may be formed that includes the preexisting weilbore casing 1 15 and the radially 
expanded tubular member 210. 

During the extrusion process, ttie expansion cone 205 may be rateed out of the 
expanded portion of the tubular member 210. In a preferred embodiment, during the 
extrusion process, the expansion cone 205 is raised at approximately the same rate as 
the tubular member 210 is expanded in order to Iceep the tubular member 210 
stationary relative to the new weilbore section 130. In this manner, an overlapping Joint 
between the radially expanded tubular member 210 and the lower portion of the 
preexisting casing 115 may be optin^ally formed. In an alternative preferred 
embodiment, the expansion cone 205 is maintained in a stationary position during the 
extnjsicxi proosss thereby allowing the tubular member 210 to extrude off of the 
expansion cone 205 and into the rmw weilbore section 130 under the force of gravity 
and the operating pressure of the interior region 230. 

In a preferred embodiment, when the upper end portion 210d of the tubular 
member 210 and the lower portion of the preexisting casing 1 15 that overtop with one 
another are plastically deformed and radially expanded by the expansion cone 205, the 
expansion cone 205 is displaced out of the weilbore 100 by both the operating 
pressure wHMn the region 230 and a upwardly directed axial force applied to the 
tubular support member 225. 

The overtapping Joint betvveen the lower portion of the preexisting casing 115 
and the radially expanded tubular member 210 preferably provides a gaseous and 
fy die seal. In a particularty preferred embodiment, the sealing members 245 optimally 
provide a Huldic and gaseous seal in the overlapping Joint In an alternative 
enribodirnent, the sealing members 245 are omitted. 

In a pnefened embodiment, the operating pressura and flow rate of the fluidic 
material 275 is controllably ramped down when the expansion cone 205 reaches the 
upper end portion 210d of the tubular member 210. In this manner, the sudden release 
of pressure caused by the complete extrusion of the tubular member 21 0 off of the 
expansion cone 205 can be minimized. In a preferred embodiment, the operating 
pressure Is reduced In a substantially linear fashion firom 100% to about 10% during 
the end of the extrusion process beginning when the expansion cone 205 is within 
about 5 feet from completion of the extrusion process. 

Altematively, or in combination, the wall thickness of the upper end portion 
21 Od of the tubular member is tapered in order to gradually reduce the required 
operating pressure for plastically deforming and radially expanding the upper end 
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portion of the tubular member. In this manner, shock loading of the apparatus is at 
least reduced. 

Attsmatively, or in combination, a shodc absorber is provided in the support 
member 225 in order to absorb the shock caused by the sudden release of pressure. 

5 The shock absorber nnay comprise, for example, any conventional commerdaily 
available shock absort)er, tnimper sub, or Jars adapted for use in wetlbore operatkMis. 

Alternatively, or in oonnt)inatlon, an expansion cone catching structure is 
provided in the upper arid portion 21 Od of the tubular member 210 in order to catch or 
at least decelerate the expansion cone 205. 

10 In a preferred embodiment, the apparatus 200 is adapted to minimize tensile, 

burst, and friction effects upon the tubular member 210 during the expansion process. 
These effecte will be depend upon the geometry of the expansion cone 205, the 
material composition of the tubular memt)er 210 and expanston cone 205, the inner 
diameter of the tubular memt>er 210, the wail thickr^ess of the tubular member 210, the 

15 type of lubricant, and the yiekj strer^ of the tubular member 210. In general, the 
thicker the vvall thickness, the smaller the Inner diameter, and the greater the yieM 
strength of the tubular member 210, then the greater the operating pressures required 
to extrude the tubular member 21 0 off of the expanston cone 205. 

For typical tubular members 210, the extrusion of the tubular member 210 off of 

20 the expansion cone 205 will begin when the pressure of the interior regton 230 
reaches, for mampie, approximately 500 to 9,000 psi. 

During the extruskm process, the expanston cone 205 may be raised out of the 
expanded portton of the tubular member 210 at rates ranging, for example, from about 
0 to 5 ft/sec In a preferred embodlnrient. during the extruston process, the expanston 

25 cone 205 Is raised out of the expanded portton of the tubular member 21 0 at rates 
ranging from about 0 to 2 fl/sec in order to minimis the time required for the expansion 
process while also penmitting easy control of the expanston process. 

As Rlustraled In FIG. 9, once the extrusion process is completed, the expansion 
cone 205 is removed from the wellbore 100, In a preferred embodiment, either before 

30 or after the rerrKsval of the expanston cone 205, the Integrity of the fluidic seal of the 
overiapping joint between the upper end portion 21 Od of the tubular nmnber 21 0 and 
the lower end portton 1 15a of the preexisting vvellbore casing 1 15 is tested using 
conventtonal methods. 

in a prsferred embodiment, if the fluidic seal of the overiapping joint between 

35 the upper end portkxi 210d of the tubular member 210 and the lower end portion 1 15a 
of the casing 1 1S is satisfactory, then any uncured portion of the material 255 within the 
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expanded tubular member 210 is then removed in a oonventional manner such as, for 
example, drculating the uncured material out of the interior of the expanded tutHilar 
memt)er 21 0. The expansion cone 205 is then pulled out of the welltxm section 1 30 
and a drill bit or mill Is used in combination with a oonventionat drilling assembly to drill 
5 out any hardened nnaterial 255 within the tubular member 210. In a pruned 
embodiment, the material 255 within the annular region 260 is then allowed to fully 
cure. 

As illietrated in FIG. 10, the bottom portion 215c of the shoe 215 may then be 
renrKived by drilling out the bottom portion of the shoe using conventkmal drillir^ 

10 nr)ethods. The wellbore 100 may then be extended in a conventional manner using a 
oonventional drilling assembly. In a prefenred embodiment the inside diameter of the 
extended portion of the wellbore 100 is greater than the inside diameter of the radially 
expanded shoe 21 5. 

As illustrated in FIG. 1 1 , the method of FIGS. 1-10 way be repeatedly 

1 5 perfomned in order to provide a mono-diameter wellbore casing that indudes 

overiapping wellbore casings 115 and 210a-210e. The wellbore casing 115, and 210a- 
210e prefarabiy indude outer annular layere of fluldic sealing material. AitemaUveiy, 
the outer annular layers of fluldicsealhrignriaterialnriay be on^ In this manner, a . 
mono-dianieter wellbore casing may be fbnmed within the subterranean fbnnation that 

20 extends for tens of thousands of feet More generally stilt the teachings of FIGS. 1-11 
may be used to fbmn a mono-diameter wellbore casing, a pipeline, a stnidural support, 
or a tunnel within a subterranean fonnation at any orientation from the vertical to the . 
horizontal. 

In a preferred embodiment the formation of a mono-diameter wellbore casing, 
25 as Illustrated in FIGS. 1-1 1 . is further provided as dlsdossd In one or more of the 

following: (1 j U.S. patent appllcatbn serial no. 09M54.1 39, attorney dodcet no. 

25791.03.02, filed on 12/3^1990. (2) U.S. patent application serial no. 09/510,913. 

attorney docket no. 25791.7.02. fDed on 2/23/2000, (3) U.S. patent appHcatlon serial 

no. 09/502.350. attorney docket no. 25791 .8.02, filed on 2/10/2000, (4) U.S. patent 
30 applteatk)n serial no. 09/440.338. attomey dodcet no. 25791 .9.02. filed on 1 1/1 5/1 999, 

(5) U.S. patent application serial no. 09/523,460, attomey docket no. 25791.11.02, filed 

on 3/10/2000. (6) U.S. patent appHcatton serial no. 09/512.895, attomey docket no. 

25791 .12.02, filed on 2/24/2000, (7) U.S. patent appKcation serial no. 09/511,941. 

attomey docket no. 25791.16.02. filed on 2/24/2000. (8) U.S. patent application serial 
35 no. 09/588.946. attomey docket no. 25791 .1 7.02. filed on 6/7/2000, (9) U.S. patent 

applteatton serial no. 09/559.122, attomey docket no. 25791.23.02, filed on 4/28/2000. 
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(10) PCX patent application serial no. PCT/USOO/18635. attorney docket no. 
25791 .25.02. filed on 7/9/2000, (1 1 ) U.S. provisional patent application serial no. 
60/162,671 , attorney docket no. 25791.27. filed on 1 1/1/1999, (12) U.S. provistonal 
patent applicatkm serial no. 60/154,047. attorney docket no. 25791.29, filed on 
5 9/1 6/1 999. (13) U.S. provisional patent appllcatkm serial no. 60/1 59,082, attorney 
docket no. 25791 .34, filed on 10/12/1999, (14) U.S. provisional patent applkatkm serial 
no. 60/159,039, attorney docket no. 25791.36. filed on 10/12/1999, (15) U.S. 
provisional patent application serial no. 60/159,033. attorney docket no. 25791.37. filed 
on 10/12/1999. (16) U.S. provistonal patent appiteation serial no. 60/212.359. attorney 

1 0 docket no. 25791 .38. filed on 6/1 9/2000. (1 7) U.S. prDvisk>nal patent application serial 
no. 60/165,228. attorney docket no. 25791 .39, filed on 1 1/12/1999. (1 8) U.S. 
provistonal patent applicatiori serial no. 60/221,443. attorney docket no. 25791.45. filed 
on 7/28/2000, (19) U.S. provisk)nal patent appUcatton serial no. 60/221.645, attorney 
docket no. 25791.46. filed on 7/28/2000, (20) U.S. proviskwtal patent appUcatton serial 

15 no. 60/233.638. attorney docket na 25791.47. filed on 9/18/2000, (21) U.S. provisional 
patent application serial no. 60/237.334. attorney docket no. 25791 .48. filed on 
10/2/2000. and (22) U.S. prpvistonal patent appncatton serial no. 60/262.434. attorney 
docket no. 25791 .51. fitod on 1/17/2001, tlw disctosures of which are incorporated 
herein by referenoe. 

20 RefierTingtoFIGS. 12,12a,12b.12cand12d.inanaltemativeemt)odiment.an 

apparatus 300 for fomiing a mono-diameter welltMre casing is posHtoned within the 
weltoore casing 1 15 that is substantially toenttoal In design and operatton to the 
apparatus 200 except that a shoe 305 is substituted for the shoe 215. 

In a preferred embodiment, the shoe 305 includes an Upper pdrtton 305a. ah 

25 intenriediateportton 305b, and a tower portton 305c hanrbrig a valveabtofluM passage 
310 that is preferably adapted to receive a plug, dart, or other similar element for 
controllably sealing the fluid passage 310. In this manner, the flukJ passage 310 may 

be opttmaily seated off by introducing a plug, dart and/or bail sealing etemenis into the 
fluto passage 310. 

30 The upper and tower porttons. 305a and 305c of the shoe 305 are preferably 

substentially tubular, and the intermediate portion 305b of the shoe inchides 
corrugations 305ba-305bh. Furttiennore, in a preferred embodiment, when ttie 
intermedtete portion 305b of ttte shoe 305 is radially expanded by the application of 
fluid pressure to the intertor 315 of ttie shoe 305. ttte Inside and outskle diameters of 

35 the radtelly expanded intemiediato portion are preferably botti greater Vhan ttie inside 
and outside dtemeters of the upper and tower portions. 305a and 305c. In ttite manner. 
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the outer drcumferenoe cf the intermediate portion 305b of the shod 305 Is preferably 
greater than the outer drcumferenoes of the upper and lower portions, 305a and 305c 
oftheshoe. 

In a preferred embodiment the shoe 305 further includes one or more through 

5 and side outlet ports In fluidic communication with the fluid passage 31 0. In this 
manner, the shoe 305 optimally Injects hardenable fluidic sealing niaterial into tte 
region outside the shoe 305 and tubular rhember 210. 

In an alternative embodiment, the flow passage 310 is omitted. 

In a preferred embodiment, as Illustrated in FIGS. 12 and 12d, during 

10 placement of the apparatus 300 within the wellbore 1 00, flukJic materials 250 within the 
wellbore that are displaced by the apparatus are conveyed through the fluid passages 
310, 205a, 225a, and 225b. In this manner, surge pressures created by the placement 
of the apparatus within the wellbore 100 are reduced. 

In a preferred embodiment, as illustrated in FIG. 13 and 13a, the fluid passage 

15 225b is then dosed and a hardenable fluidic sealing material 255 is then pumped from 
a surface location into the fluid passages 225a and 20Sa. The material 255 then 
passes from the fluid passage 205a into the interior region 315 of the shoe 305 below 
the expansion cone 205. The materiai 255 then passes from the interior region 315 
into the fluid passage 310. The materiai 255 then exits the apparatus 300 and fills the 

20 anniter region 260 between the exterior of the tubuter member 21 0 and the interior wall 
ofthen6wsection130(rfthewellbore10D. Continued pumping of the materiai 255 
causes the material to fill up at least a portion of the annular region 260. 

The materiai 255 is preferably pumped into the annular region 260 at pressures 
and flow rates rangirtg, for example, from about 0 to 5000 psi and 0 to 1 ,500 

25 gallons/min, respectively. The optimum flow rate and operating pressures vary as a 
function of the casing and wellbore sizes, wellbore section tength. avaiiabto pumping 
equipment, and fluid properties of the fiuidc material being pumped. The optimum i9ow 
rate and operating pressure are prrferably detenmined using conventional empirical 
methods. 

30 ' The hanienaMe fluidic seaHng material 255 may be any number of conventional 
commerdally available hardenable fluidic sealing materials such as, for example, slag 
mix, cement, latex or epoxy. In a preferred embodiment, the hardenable fluidic sealing 
material 255 is a blended cement prepared spedficaity for the particular well section 
being drilled from Halliburton Energy Sen^ices In Dallas, TX in order to provide optinrtal 

35 support for hibular member 21 0 while also mainteining optimum flow characteristics so 
as to minimize difficulties during ttie displacement of cement in the annuter region 260. 
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The optimum blend of the blended cement is preferably detennined using conventional 
empirical methods. In several alternative embodiments, the hardenable fluidic sealing 
material 255 is compressible before, during, or after curing. 

The annular region 260 preferably is filled with the material 255 in sufficient 
5 quantities to ensure that, upon radial expansion of the tubular member 210, the annular 
region 260 of the new section 130 of the wellbore 100 will be filled with the material 
255. 

In an attemativie embodiment the injection of the material 255 into the annular 
region 260 is omitted. 

10 As illustrated In FIGS. 14 and 14a, once the annular region 260 has been 

adequately filled with the material 255, a plug 265. or other similar device, is introduced 
into the fluid passage 310, thereby fiuididy isolating the interior region 315 from the 
annular region 260. In a preferred embodiment, a nonrhardenable fluidic material 270 
is then pumped into the interior region 315 causing the interior region to pressurize. In 

15 this manner, the interior region 315 will not contain s^nlficant amounts of the cured 
material 255. This also reduces and simplifies the cost of the entire process. 
ANamatlvely. the material 255 may be used during this phase of the process. 

As illustrated In FIG. 15. in a preferred embodiment, the continued Injection of 
the fluidfc material 270 pressurizes the region 315 and unfolds the comigations 305ba- 

20 305bh erf the intenmediate portion 305b of the shoe 305. In a preferred embodiment, 
the outside diameter of the unfolded Intemnediate portion 305b of the shoe 305 is 
greater than the outside diameter of the upper and lower portions. 305a and 30Sb. of 
the shoe. In a preferred embodiment, the inside and outside diameters of the unfolded 
Intermediate portion 305b of the shoe 305 are greater than the inside and outsMe 

25 diametms. reepectively. of the upper and lower portions, 305a and 305b, of the shois. 
In a preferred embodiment, the inside diameter of the unfolded intenmediate portion 
305b of the shoe 305 is substantially equal to or greater than the inside diameter of the 
preexisting casing 305 In order to optimize the formation of a mono-diameter wellbore 
casing. 

30 As illustrated in FIG. 16, in a prefen^d embodiment, the expansion cone 205 is 

then lowered into the unfolded internr^diate portion 305b of the shoe 305. In a 
preferred embodiment tiie expansion cone 205 is lowered into the unfolded 
Intermediate portion 305b of the shoe 305 until the bottom of the expansion cone is 
proximate the lower portion 305c of the shoe 305. In a preferred embodiment, during 

35 the lowering of the expanston cone 205 Into the unfolded intennediate portion 305b of 
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the shoe 305, the material 255 within the annular region 260 maintains the shoe 305 in 
a sut>stantially stationary position. 

As illustrated in FIG. 17, in a prefenBd emt>odiment, the outside diameter of the 
expansion cone 205 is then Increased. In a prefenred emtxxJIment the outside 
5 dianneter of the expansim cone 205 is increased as disclosed in U.S. patent nos. 
5,348,095, aral/or 6,012,523, the disclosures of which are incorporate herein by 
reference. In a preferred embodiment, the outside diameter of the radially expanded 
expansion cone 205 is substantially equal to the inside diameter of the preexisting 
wellbore casing 115. 

10 In an alternative embodiment the expansion cone 205 Is not lowered into the 

redialty expanded portion of the shoe 305 prior to being radially expanded. In this 
manner, the upper portion 305c of the shoe 305 may be radially expanded by the radial 
expansion of the expansion cone 205. 

In another altematlye embodiment, the expansion cone 205 is not radially 

15 expanded. 

As illustrated In FIG. 18, in a preferred embodiment, a fluidic material 275 is 
then injected Into the region 315 thrcHjgh the fluid passages 225a and 20te In a 
preferred embodiment, once the interior region 315 becomes sufficiehtly pressurized, 
the upper portion 305a of the shoe 305 and the tubular member 210 are preferably 

20 plastically deformed, radially expanded, and extruded off of the expansion cone 205. 
Furthermore, in a preferred embodiment, during the end of the radial expansion 
process, the upper portion 21 Od of the tubular member and the lower portion of ttie 
preexisHng casing 1 1S that overlap with one another are dmultaneously plastically 
deformed and radi^ expanded. In this rnanner, a moncHllamelerv^llbore casing 

25 may be fonned that includes the preexisting wellbore casing 115 and the radially 
expanded tubular rnember 210. 

During ttie extrusion process, the expansion cone 205 may be raised out of the 
expanded portion of the tubular member 210. In a preferred embodiment, during the 
extrusion process, the expansion cone 205 is raised at approximately the same rate as 

30 the tubular member 21 0 b expanded in order to iceep the tubular nnember 210 

stationary relative to the new wellbore section 130. In this manner, an overlapping joint 
between tlie radially expanded tubular mmiber 210 and the lower portion of the 
preexisting casing 1 1 5 may be optimally fonned. In an alternative preferred 
embodiment the expansion cone 205 is maintained in a stationary position during the 

35 extrusion process thereby allowing the tubular member 21 0 to extrude off of the 



20 



expansion oone 205 and into the new wellt>ore section 130 under the force of gravity 

and the operating pressure of the interior region 230. 

In a preferred emtxxJiment, when the upper end portion 21 Od of the tubular 

nfi6mt)er 210 and the lower portion of the preexisting casing 1 15 that overlap with one 
5 another are plastically defbnrned and radially expanded by the expansion oone 205, the 

expansion cone 205 Is displaced out of the wellbore 100 by both the operating 

pressure wHhln the region 230 and a upwardly directed axial force applied to the 

tubular support nriember 225. 

The overlapping joint between the lower portion of ttie preexisting casing 115 
10 and the radially expanded tubular member 210 prBferably provides a gaseous and 

fluldic seal. In a particularly preferred embodiment, the sealing nnembers 245 optinnally 

provide a fluldic and gaseous seal in the overtapi^ng joint in an altemative 

ernbodirnent, the seaDng.nriembers 245 are ornittad. 

In a preferred embodiment, the operating pressure and flow rate of the fluidic 
1 5 material 275 is conlrollably ramped down when the expansion cone 205 reaches the 

upper end portion 21 Od of the tubular member 210. In this manner, the sudden release 

of pressure caused by the complete extrusion of the tubular member 210 off of the 

expansion cone 205 can be minimized. In a preferred embodiment, ttle operating 

pressure is reduced in a substantially linear fashion from 100% to about 10% during 
20 . the end of the extrusion process beginning when the expansion cone 205 is wltt^ 

about 5 feet from completion of the extmsion process. 

Altematively. or in combination, the waO thickness of the upper end portion. 

210d of the tubular member is tapered in order to gradually reduce the required 

operating pressure for plastically deforming and radially expanding the upper end 
25 portion (rf the tubular member. In this manner, shock loading of the apparatus may be 

at least partially minimized. 

Altematively, or in combination, a shock absort)er is provMed In the support 

noember 225 in order to absorb the shock caused by the sudden release of pressure. 

The shock at)sort>er may comprise, for example, any conventional conrvnerclally 
30 available shock absort>er adapted for use in wellbore operattons. 

Altematively, or in combination, an expansion cone catching structure is 

previded in the upper end portion 210d of the tubular member 210 in order to catch or 

at least decelerate the expanskm oone 205. 

In a preferred embodiment, the apparatus 200 is adapted to nnlniinize tensile, 
35 burst, and friction effects upon the tubular member 210 during the expansion process. 

These effects will be depend upon tiie geometry of the expansion oone 205, the 
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material composKton of the tubular member 210 and expansion oone 205, the inner 
diameter of the tubular nnember 210. the wall thickness of the tubular member 210, the 
type of lubricant and the yield strength of the tubular member 21 0. In general, the 
thicker the wall thickness, the smaller the inner diameter, and the greater the yield 

5 strength of the tubular member 21 0, then the greater the operating pressures required 
to extrude the tutnjlar member 210 off of the expansion oone 205. 

For typical tubular members 210, the extruston of the tubular member 210 off of 
the expansk>n cone 205 will begin when the pressure of the interior regten 230 
reaches, for example, approximately 500 to 9,000 psi. 

10 During the extrusion process, the expansion oone 205 may be raised out of the 

expanded portk>n of the tubular member 210 at rates ranging, for example, from about 
0 to 5 fi/sekx In a preferred embodiment during the extrusion process, the expansk)n 
cone 205 Is raised out of the expanded portkm of the tubular member 210 at rates 
ranging from about 0 to 2 ft/sec in order to minimize the time required for the expansion 

15 process while also penmitting easy control of the expanston process. 

As illustrated in FIG. 19, onoe the extruston process is completed, the 
expansk)na>ne205isrBrnovadfromthewelibore 100. In a preferred embodiment 
either before or after the removal of the expanaton oone 205, the integrity of the fluMk: 
seal of the overlapping Joint between the upper end portkm 21 Od of the tubular member 

20 210 and the kiwer end portton 1 15a of the preexisting wellbore casing 1 15 is tested 
using conventional methods. 

In a preferred embodiment if the fluidic seal of the overlapping Joint between 
the upper end portion 210d of the tubular member 21 0 and the tower end portion 1 15a 
of the casing 115 is saHsbdory, tiien any uncured portion of the rraterial 255 within ttie 

25 expanded tubular member 210 is then removed in a conventional manner such as, for 
exarnple, circulating the uncured material out of ttie interior of ttte expanded tubular 
member 210. The expansion oone 205 Is then pulled out of the wellbore section 130 
and a drill bit or nrdll used in combination wHh a conventional drilling assembly to drill 
out any hardened material 255 within the tubular member 21 0. In a preferred 

30 embodiment, ttie material 255 within the annular region 260 is ttien allowed to fully 
cure. 

As illustrated In FIG. 20, the bottom portion 305c of the shoe 305 may ttien be 
renxyved by drilling out the bottom portion of tiie shoe using conventional drilling 
mettxxls. The wellbore 100 may tiien t>e extended in a conventional irainner using a 
35 conventional drilling assembly. In a preferred embodiment ttie inside diameter of the 
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extended portion of the welltxKB is greater than the inside diameter of the radially 
expanded shoe 305. 

The method of FIGS. 1 2-20 may be repeatedly perfbrnned in order to provide a 
mono-diameter welltx>re casing that includes overiapping weilt)ore casings. The 

S overlapping wellbore casing preferably include outer annular layers of fluldic sealing 
material. Altemativety, the outer annular layers of fluidic sealing material nr^y t>e 
omitted. In this manner, a mono-diameter wellbore casing may be formed within the 
subterranean fbrmatioh that extends for tens of thousands of feet More generally still, 
the teachings of FIGS. 12*20 may be used to form amono^iameter wellbore casing, a 

10 pipeline, a stnictural support or a tunnel within a subterranean formation at any 
orientation from the vertical to the horizontal. 

In a prefien^ embodirnent, the fomiation of a mono-dianrietBr 
as Hlustrated in FIGS. 12-20, is further provided as disdosed In one or more of the 
following: (1) U.S. patent application serial no. 09/454.139, attorney docket no. 

15 25791.03.02, filed on 12/3/1999, (2) U.S. patent application serial no. 09/510,913, 
attorney docket no. 25791.7.02, filed on 203/2000, (3) U.S. patent application serial 
no. 09/502,350, attorney docket no. 25791.8.02, fDed on 2/10/2000, (4) U.S. patent 
application serial no. 09/440,338, attorney dodcet no. 25791 .9.02, filed on 1 1/1 5/1999, 
(5) U.S. patmt application serial no. 00/523,480, attorney docket no. 25791 .1 1 .02, filed 

20 on 3/10/2000, (6) U.S. patent applicatton serial no. 09/512,895, attorney docket no, 
25791 .12.02, filed on 2/24/2000, (7) U.S. patent application serial no. 09/51 1 ,941 , 
attorney docket no. 25791.16.02, filed on 2^4/2000, (8) U.S. patent application serial 
no. 00/588,946, attomey docket no. 25791.17.02, filed on 6/7/2000, (9) U.S. patent 
application serial no. 09/559,122, attomey docket no. 25791.23.02, filed on 4/26/2000, 

25 (10) PCT patent application serial no. PCT/USOO/1 8635, attomey docket no. 
25791.25.02, filed on 7/9/2000, (11) U.S. provistonal patent application serial no. 
60/162,671, attomey docket no. 25791.27, filed on 11/1/1999, (12) U.S. provislonal 
patent application serial no. 60/154,047, attomey docket no. 25791 .29, filed on 
9/16/1999, (13) U.S. provisional patent applicatton serial no. 60/159,082, attomey 

30 docket no. 25791 .34, filed on 10/12/1999, (14) U.S. provisional patent application serial 
no. 60/159,039. attorney docket no. 25791.36, filed on 10/12/1999. (15) U.S. 
provisional patent application serial no. 60/159,033. attomey docket no. 25791.37, filed 
on 10/12/1999. (16) U.S. provisimal patent application serial no. 60/212,359, attomey 
docket no. 25791.38, filed on 6/19/2000, (17) U.S. provistonal patent application serial 

35 no. 60/165,228, attomey docket no. 25791.39, filed on 1 1/12/1999, (18) U.S. 

provistonal patent application serial no. 60/221,443, attomey docket no. 25701.45, filed 
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on 7/28/2000. (19) U.S. provisional patent application serial no. 60/221,645, attorney 
docket no. 25791 .46, filed on 7/28/2000, (20) U.S. provisional patent application serial 
no. 60/233,638, attorney docket no. 25791.47, filed on 9/18/2000, (21) U.S. provistonal 
patent application serial no. 60/237,334, attorney docket no. 25791.48, filed on 
5 10/2/2000, and (22) U.S. provisional patent application serial no. 60/262,434, attorney 
docket no. 25791.51, filed on 1/17/2001, the disctosures of which are incorporated 
herein by reference. 

in several alternative embodiments, the apparatus 200 and 300 are used to 
form and/or repair wellbore casings, pipelines, and/or structural supports. 

10 In several alternative emt>odiments, the folded geometries of the shoes 215 and 

305 are provided in accordance with the teachings of U.S. Patent Nos. 5,425,559 
and/or 5,794»702» the disclosures of which are Incorporated herein by reference. 

An apparatus for fonming a wellbore casing in a borehole located in a 
subterranean fomnatton including a preexisting wellbore casing has been described that 

15 includes a support member including a first fluid passage, an expansion cone coupled 
to the support member Indudhg a second fluid passage fluklteiy coupled to the first 
fluM passage, m expandable tajbular liner movably coupled to the mpansion cone, and 
an expandable shoe coupled to the expandable tubular liner. In a prefBrred 
embodiment, the expansion cone is expandable. In a preferred embodiment, the 

20 expandable shoe includes a vaNeable fluid passage for oontroiling the flow of fluMic 
matertais out of the expandable shoe. In a preferred embodiment, the expandable 
shoe indudes: an expandable portton and a rernaining portkin, wherein the o^ 
circumfersnce of the expandable portton is greater than the outer drcumlerenoe of the 
rsmalning portkin. In a preferred embodiment, the expandable portkxi includes: one or 

25 more inward foMs. In a preferred embodiment, the expandable portion includes: one or 
mors conugatkxis. In a preferred embodiment, the expandable shoe includes: one or 
more Inward foMs. In a prefenned embodiment, the expandable shoe includes: one or 
more ccvrugations. 

A shoe has also been described that Includes an upper annular portion, an 
30 intennediate annular portion, and a lower annular portton, wherein the intermediate 
annular portion has an outer drcumference that is larger than the outer drcumferences 
of the upper and lower aruiular portions. In a prefeoBd embodiment, the tower annular 
portkxi indudes a vah/eable fluid passage for controlling the ftow of fluldic materials out 
of the shoe. In a preferred embodiment, the intermediate portion indudes one or mors 
35 inward folds. In a preferred embodiment, the intermediate pdrtton indudes one or more 
corrugattons. 
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A method Of forming a wellbore casing In a subterranean formation having a 
preexisting wellbore casing positioned in a borehole has also been described that 
includes installing a tubular liner, an expansion cone, and a shoe in the borehole, 
radially expanding at least a portion of the shoe by injecting a fluidic material into the 
S shoe, and radially expanding at least a portion of the tubular liner by injecting a fluidic 
material into the borehole betowr the expansion cone. In a preferred embodinrtent, the 
method further includes radially expanding the expansion cone. InaprefisnBd 
embodirnent. the method further includes lowering the expansion cone into the radially 
expanded portion of the shoe, and radially expanding the expansion cone. In a 

10 preferred wnbodimerit, the method further Includes, radially expanding at least a portion 
of the shoe and the tubular liner by injecting a fluidic material into the borehole below 
the radially expanded expansion oone. in a prefiBrred embodiment, the method further 
includes ii^ecUng a hardenable fluidic sealing material into an annulus between the 
tubular Bner and the borehole. In a preferred embodiment, the method further indudes 

15 radially expanding at least a portion of the preexisting wellbore casing. Inaprefsned 
embodhnent. the method further jndudes overlapping a portion of the radially 
expanded tubular Iner with a portion of the preexisting wellbore easing. Inaprefened 
embodiment, the inside diameter of the radially expanded tubular Hner is substantially 
equal to the inside diameter of a nonoverlapping portion of the preexisting wellbore 

20 casing. In a pieferred embodiment, the method further Includes applying an axial fbrce 
to the expanston cone. In a preferred embodiment, the inside diameter of the radiplly 
expanded shoe Is greater than or equal to the Inside diameter of the radially expanded 
tubular liner. 

An apparatus for fonning a wellbore casing in a subterranean formation having 
25 a preexisting wellbore casing positioned in a borehole has also been described that 
Includes means for installing a tubular liner, an expansion cone, and a shoe in the 
borehole, means for radially expanding at least a portim of the shoe, and means for 
radially expanding at least a portion of the tubular liner. In a prefened embodiment, the 
apparatus further Includes means for radially expanding the expansion cone. In a 
30 preferred embodiment, the apparatus further includes means for lowering the 

expansion oone Into the radially e}q>anded portion of the shoe, and means for radially 
expanding the expansion oone. In a preferred embodiment, the apparatus further 
includes means for Injecting a fluidic material into the borehole below the radially 
expanded expansion oone. In a prefened embodiment, the apparatus further includes 
35 means for injecting a hardenable fluMIc sealing material Into an annulus between the 
tut)ularlinor and the borehole. In a preferred embodiment, the apparatus further 
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includes means for radially expanding at least a portion of the pree^dsting wellbore 
casing. In a prefened embodiment, the apparatus further includes means for 
overlapping a portion of the radially expanded tubular liner with a portion of the 
preexteting wellbore casing. In a prefenred embodiment, the inside diameter of the 

5 radially expanded tubular liner is substantially equal to the inside diameter of a 

nonoverlapping portion of the preexisting wellbore casing. In a preferred embodiment, 
the apparatus further includes weans for applying an axial force to the expansion cone. 
In a preferred embodimmt the Inside diameter of the radially expanded shoe is greater 
than or equal to the inside diameter of the radially expanded tubular liner. 

10 An apparatis for fonming a wellbore casing within a subtenanean fbnnation 

including a preexisting wellbore casing positioned in a borehole h% also been 
described that includes a tubular liner and nr^ns for radially expanding and coupling 
the tubular liner to an overlapping portion of the preexisting wellbore casing. The 
Inside diameter of the radially expanded tubular liner Is substantially equal to the inside 

15 diameter of a norhcvertapping portion of the preexisting wellbore casing. 

A wellbore casing positioned in a borehole within a subterranean formation has 
also been described that includes a first wellbore casing and a second wellbore casing 
coupled to and overlapping with the first wellbore casing, wher^n the second wellbore 
casing is coupled to the first wellbore casing by the process of: Installing the second 

20 wellbore CMing. an expansion cone, and a shoe in the borehole, radially expanding at 
least a portion of the shoe by injecting a fluidic material into the shoe, and radially 
expanding at least a portion df the second wellbore casing by Injeding a fluidic material 
into the borehole below the expansion cone. In a preferred embodiment, the process 
for fonmlr^ the wellbore casing further bvdudes radially expanding the expansion oone. 

25 In a preferred emt)odiment, the process for fonnlr^ the wellbore casing further includes 
lowering the expansion oone into the radially expanded portion of the shoe, and radially 
expanding the expansion cone. In a preferred embodiment, the process for forming the 
wellbore casing further includes radially expanding at least a portion of the shoe and 
the second wellbore casing by injecting a fluidic material into the borehole below the 

30 radially expanded expansion cone. In a preferred embodlnrvent, the process for fonming 
the wellbore casing further Includes injecting a hardenable fluidic sealing material into 
an annulus t>etween the second wellbore casing and the borehole, in a preferred 
emtxxliment. the process for forming the wellbore casing further includes radially 
expanding at least a portion of the first wellbore casing. In a preferred embodiment, 

35 the process for fonming the wellbore casing further includes overiapping a portion of the 
radially expanded second wellbore casing with a portkm of the first wellbore casing. In 
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a preferrBd embodiment, the inside diamet^* of the radially expanded second wellbore 
casing is substantially equal to the inside diamet«- of a nonovertapping portion of the 
first wellbore casing. In a prefened embodinnent, the process for forming the wellbore 
casing further includes applying an axial force to the expansion cone. In a preferred 
5 embodiment, the inside diameter of the radially expanded shoe is greater than or equal 
to the inside diameter of the radially expanded second wellbore casing. 

A method of forming a tubular structure in a subterranean fonmation having a 
preexisting tubular member positioned in a borehole has also been desoibed that 
includes Installing a tubular liner, an expansion cone, and a shoe in the borehole, 

10 radially expanding at least a portion of the shoe by injecting a fluidic material into the 
shoe, and radially expanding at least a portion of the tubular ilner by injecting a fluidic 
material into the borehole below the expansion cone. In a preferred embodiment, the . 
method further Includes radially expanding the expansion cone. In a preferred 
embodiment, the method.further hdudes lowering the expansion cone into the radially 

15 expanded portion of the shoe, and radially expanding the expansion cone. In a 

preferred embodiment, the method further Includes radially expanding at least a portion 
of the shoe and the tubular liner by Injecting a fluidic material into the borehole below 
the radially expanded expar^km cone. In a preferred embodiment, the method further 
Includes injecting a hardenable fluidic seaDng material into an annuhis between the 

20 tubular liner and the boiBhole. In a preferred embodiment, the method further includes 
radially expandiiig at least a portion of the preexisting tubular member. In a preferred 
embodiment, the method further includes overlapping a portion of the radially 
expanded tubular liner with a portion of the preexisting tubular member. In a preferred 
errtxxltment, the inside diameter of the radially expanded tubular liner is substantially 

25 equal to the inside diameter of a nonovertapping portion of the preexisting tubular 
member. In a prefenned embodiment, tiie method further includes applying an axial 
force to the expansion oone. In a prefmed embodiment tiie Inside diameter of the 
radtelty expanded shoe is greater than or equal to the inside diameter of ttie radially 
expanded tutxjiar liner. 

. 30 An apparatus for fomiing a tubular structure in a subtenanean femiation having 

a preexisting tubuter member positioned In a borehote has also been described that 
includes means for installing a tubular liner, an expansion cone, and a shoe in the 
borehole, means for radially expanding at least a portion of the shoe, and means for 
radially expanding at least a portion of tiie tubidar liner. In a preferred embodiment, the 

35 apparatus further indudesrnearv for radially expanding the expanse In a 
preferred embodiment, ttie apparatus fiirttier includes means for lowering the 
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0xpansion cone into the radially expanded portion of the shoe, arid means for radially 
expandirtg the expansion cone. In a preferred entbodiment, the apparatus further 
includes nneans for injecting a fluldic material into the t)orehole below the radially 
expanded expansion cone. In a preferred enrit>odlnrient, the apparatus further includes 

5 means for injecting a hardenablefluidic sealing niatehal into an annulusbe^^ 
tubular liner and the borehole. In a pr^eired embodiment, the apparatus further 
includes means for radially expanding at least a portion of the preexisting tubular 
member. In a preferred embodiment, the apparatus further includes nneans for 
overlapping a portion of the. radially expanded tubular liner with a portion of the 

10 preexisting tubular member. In a preferred embodiment, the Inside diameter of the 
radially expanded tubular liner is substantially equal .to the inside dianr)eter of a 
nonoverlapping portion of the preexisting tubular member. In a preferred embodiment, 
the apparati^ further includes means for applying an axial force to the expansion cone. 
In a preferred embodiment, the irtslde dianieter of the radially expanded shoe is greater 

1 5 than or equal to the Inside diameter of the radially expanded tubular liner. 

An apparatus for forming a tubular structure within a sutiterranean formation 
including a preexisting tubUtor member positioned in a borehole has also, been 
described that Includes a tubular Hner and means for radially expanding and coupling 
the tubular liner to an overlapping portion of the preexisting tubular member. The 

20 inside diameter of the radially expanded tubular liner Is substantially equal to the inside 
diameter of a non-overlapping portion of the preexisting tubular member. 

A tubular stmcture positioned in a borehole within a subterranean formation has 
also been described that includes a first tubular men^)er and a second tubular member 
coupled to and overlapping with the first tubular mernt>er. wherein the second tubular 

25 rnernber Is coupled to the first tubular menriber by the process of: inst^^ 

tubular member, an expaifislon cbrie, and a slioe In the borehole, radially expanding at 
least a portion of the shoe by injecting a fluidic material into the shoe, and radially 
expanding at least a portion of the second tubular nnember by injecting a fiuidic material 
into the borehole below the expansion cone. In a preferred emt>odiment. the process 

30 for forming the tubular structure further includes radially expanding the expansion cone, 
in a preferred embodiment, the process for formirtg the tubular structure further 
includes lowering the expansion cone into the radially expanded portion of the shoe, 
and radially expanding the expansion cone. In a preferred emtxxJiment, the process 
for forming the tubular structure further Includes radially expanding at least a portion of 

35 the shoe and the second tubular membo* by injecting a fluidic material ir^to the 

borehole t>elow the radially expanded expanskm oone. In a preferred embodiment, the 
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process for fomning the tubular structure further includes injecting a hardenable fiuidic 
sealing nnaterial into an annulus between the second tubular member and the borehole. 
In a preferred embodiment, the process for forming the tubular structure further 
includes radially expanding at least a portton of the first tubular member. In a preferred 

5 emt>odiment. the process for forming the tubular structure further indudes overlapping 
a portion of the radially expanded seicond tubular member with a portion of the first 
tubular member. In a preferred embodiment, the inside diameter of the radially 
expanded second tubular member is substantially equal to the Inside diameter of a 
nonovertapping portion of the first tubular member. In a preferred embodiment, the 

10 process for fomning ttie tubular stoicture further includes applying an axial force to the 
expansion cone. In a preferred embodiment, the inside diameter of the radially 
expanded shoe Is greater than or equal to the inside diameter of ttie radially expanded 
second tubular member. 

AKhough illustrative embodiments of ttie invention have been shown and 

15 described^ a wide range of modiflcatioh, changes and substitution is contemplated in 
the foregoing disclosure. In some instances, some features of the present invention 
may be employed without a oonresponding use of ttie ottier features. Accordingly, It is 
appropriate that the appended claims be omstrued broadly and in a manner consistent 
with the scope of the Invention. 
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CLAIMS 

1. A shoe, oomprising: 

an upper annular portion; 

an Intermediate annular portion coupled to the upper annular portion; and 
5 a lower annular portion coupled to the intenmediate portion; 

wherein the Intermediate annular portion has an outer ctrcumference that is 
larger than the outer droumferenoes of the upper and lower annular portions. 

2. The shoe of dalm 1 , wherein the lower annular portion includes a valveable fluid 
1 0 passage for oontrolling the flow of fluidic materials out of the shoe. 

3. Tbe shoe of daim 1 » wherein the Intennediate portion indudes: 
one or more inward folds. 

15 4. The shoe of daim 1 , wherein the intermediate portion indudes: 
one or more corrugations. 

5. A shoe, oomprising: 

an upper annular portion; 
20 an intermediate annular portion coupled to the upper annular portion induding 

one or more inward folds; and 

a lower annular portion coupled Id the intenmediate portion induding a 
valveable fluid passage for oontrdling the flow of fluidic materials out of ttie shoe; 
wherein the Intermediate annular portion has an outer drcumfiem 
25 larger than the outer droumferendes of the upper and lower annular portions. 
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Claims 

1 . An apparatus for forming a weHbore casing in a borehole located in a 
subtenranean formation including a preexisting wellbore casing* comprising: 

5 a support member including a first fluid passage; 

an expansion cone coupled to the support member including a second fluid 

passage fluidiciy coupled to the first fluid passage; 
an expandable tubular liner movably coupled to the expansbn cone; and 
an expandable shoe coupled to the expandable tubular liner. 

10 

2. The apparatus of daim 1, wherein the expansion oone is expandable. 

3. The apparatus of daim 1 , wherein the expandable shoe indudee a valveable fluid 
passage for controlling the flow of fluidic mat^ls out of the expandable shoe. 

15 

4. The apparatus of daim 1 , wherein the expandable shoe indudes: 
an expandatrie portion; and 

a remaining portion coupled to the expandable portion; 
wherein the outer drcumferenoe of the expandable portion Is greater than the 
20 outer drcumference of the remaNng portion. 

5. The apparatus of daim 4, wherein the mpandable portion includes: 
one or more inward fdds. 

25 6. The apparatus of daim 4, wherein the expandable portion indudes: 
one or more conrugations. 

7. The apparatus of daim 1 , wherein the expandable shoe indudes: 
one or more inward folds. 

30 

8. The apparatus of daim 1 . wherein the expandable shoe indudes: 
one or more corrugations. 
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9. 



A shoe, comprising: 
an upper annular portion; 

an intermediate annular portion coupled to the upper annular portion; and 
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a lower annular portion coupled to the intermediate portion; 

wherein the intermediate annular portion has an outer drcumf^nce that is 

larger than the outer drcumferenoes of the upper and lower annular 

portions. 

5 

10. The shoe of daim 9* wherein the lower annular portion indudes a vaiveable fluid 
passage for controlling the flow of fluidic materials out of the shoe. 

11. The shoe of daim 9. wherein the Intemnediate portion indudes: 
10 one or more Inward folds. 

12. The shoe of daim 9, wherein the intennediate portion indudes: 
one or nK)re corrugations. 

15 13. A method erf forming a wellixm casing In a subtenanean fonnation having a 
preexisting wellbore casing positioned In a borehole, comprising: 

Installing a tubular liner, an expansion cone, and a shoe In the borehole; 
radially expanding at least a portion of the shoe tiy injecting a flukUc material 
Into the shoe; and 

20 radially expanding at least a portion of the tubular liner by injecting a fluidic 

material into the borehole below the expansion cone. 

14. The method of daim 1 3, further comprising: 
radialiy expanding the expansion cone. 

25 

15. The method of daim 1 3, further comprising: 

bwering the expansion cone into the radially expanded portion of the shoe; and 
radially expanding tlie expansion cone. 

30 16. The method of daim 1 5, further comprising: 

radially expanding at least a portion of the shoe and the tubular liner by injecting 
a fluidic material into the borehole below the radially expanded 
expansion cone. 
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The method of daim 13, further comprising: 
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injecting a hardenable fluidtc sealing material Into an annuliis between the 
tubular liner and the borehole. 

18. . Themethodofdaim 13, further comprising: 

5 radially expanding at least a portion of the preexisting welibore casing. 

1 9. The method of daim 1 8, further comprising: 

overiapping a portion of the radially expanded tubular liner with a portion of the 
preexisting welibore casing. 

10 

20. The method of daim 1 9, wherein the inside diameter of the radially expanded 
tubular liner is substantially equal to or greater than the inside diameter of a 
nonovertapping portion of the preexisting welibore casing. 

15 21 Themethodofdaim 18, further comprising: 
applying an axial force to the expansion cone. 

22. The mettKxl of daim 1 3, wherein the inside diameter of tt\e radially expanded 
shoe 6 greater than or substantially equal to the inside diameter of the radially 

20 expanded tubular liner. 

23. An Bpparaius for fomning a welibore casing in a subterranean formation having a 
preexisting welibore casing positioned In a k)orehole, comprising: 

means for installing a tubular liner, an expansion cone, and a shoe in the 
25 borehole; 

means for radially expanding at least a portion of the shoe by injeding a fluidic 

materia! into the shoe; and 
means for radially expanding at least a portion of the tubular liner by injecting a 

fluidic material into the borehole below the expansion cone. 

30 . 

24. The apparatus of daim 23, further comprising: 
means for radially expanding tiie expartsion cone. 
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The apparatus of daim 23, further comprising: . 

means for lowering ttie expansion cone into the radially expanded portion of the 
shoe; and 
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means for radially expanding the expansion cone. 
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26. The apparatus of daim 25, further comprising: 
means for injecting a fiuidic material into the t)orehole t)elow the radially 

expanded expansion cone. 

27. The apparatus of dalm 23, further comprising: 
means for injecting a hardenable fluldic sealing material into an annulus 

t>etween the tubular liner and the l)orehoie. 

28. The apparatus of daim 23, further comprising: 

means for radially expanding at least a portion of the preexisting wellbore 
casing. 

15 29. The apparatus of daim 28, further comprising: 

means for overiapping a portion of the radially expanded tutxjiar liner with a 
portion of the preexiBting welibors casing. 

30. The apparatus of daim 29, wherein the inside diameter of the radially expanded 
20 tubular liner is substantially equal to ttie inside diameter of a nonovertapping portion of 
the preexisting wellbore casing. 
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31. The apparatus of daim 28, further comprising: 
means for applying an axial force to the expansion cone. 

32. The apparatus of daim 23, wherein the inside diameter of the radially expanded 
shoe Is greater than or substantially equal to the inside diameter of the radially 
expanded tubular liner. 



30 33. An apparatus for forming a wellbore casing within a subterranean fonmation 
induding a preexisting wellbore casing positioned in a borshoie. comprising: 
a tubular ilner, and 

means for radially expanding and coupling the tubular liner to an overiapping 
portion of the preexisting wellbore casing; 
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wherein the inside diameter of the radially expanded tubular liner is 

sut>stantially equal to the inside diameter of a nm-overiapping portion of 
the preexisting weilbore casing. 

5 34. A weilbore casing positioned in a borehole within a subterranean formation, 
comprising: 

a first weilbore casing; and 

a second weilbore casing coupled to and overlapping with the first weilbore 
casing; 

10 wherein the second weilbore casing Is coupled to the first weilbore casing by 

the process of: 

installing the second weilbore casing, an expansion cone, and a shoe in 
the borehole; 

radially expanding at least a portion of the shoe by Injecting a fluidic 
15 material Into the shoe; and 

radially expanding at least a portion of the second wellbore casing by 

Injecting a fluidic material into the borehole below the expansion 

cone. 

20 35. The weilbore casing of daim 34, wherein the process further comprises: 
radially expanding the expansion cone. 

36. The weilbore casing of daim 34, wherein the process further comprises: 
lowering the expansion cone Into the radially expanded portion of the shoe; and 

25 radially expanding the expansion cone. 

37. The weilbore casing of daim 36, wherein the process further comprises: 
radially exparxling at least a portion of the shoe and the second wellbore casing 

by injecting a fluidic material into the borehole below the radially 
30 expanded expansion oone. 

38. The wellbore casing of daim 34, wherein the process further comprises: 
injecting a hardenable fluidic sealing material into an annulus between the 

second wellbore casing and ttie borehole. 

35 

39. The wellbore casing of daim 34, wherein the process further comprises: 
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radially expanding at least a portion of the first welllX)rG| oasing. 

40. The wellbore casing 6( daim 39, wherein the process further comprises: 

overlapping a portion of the radially expanded second weiibore casing with a 
portion of the first wellbore casing. 

41 . The wellbcxe casing of dalm 40, wherein the inside diameter of the radially 
expanded second wellbore casing is substantially equal to the inside diameter of a 
nonoveriapping portion of .the first wellbore casing. 

42. The wellbore casing of daim 39, wherein the process further comprises: 
applying an axial force to the expansion cone. 

43. The wellbore casing of daim 34. wherein the inside diameter of the radially 
expanded shoe is greater than or substantially equal to the Inside diameter of the 
radially expanded second wellbore casing. 

44. A method of forming a tubular structure in a subtenaneanforrnation having a 
preexisting tubular membtt* poslttoned in a borehole, comprising: 

ir>stalling a tubular liner, an expansion cone, and a shoe in the borehole; 
radially expanding at least a portion of the shoe by injecting a fluidic material 
into the shoe; and 

radially expanding at least a portion of the tubular liner by injecting a fluidic 
material into the borehole below the expansion cone. 

45. The mebiod of daim 44, further comprising: 
radially expanding the expansion oone. 

46. The method of daim 44, further oomprisir^: 

lowering the expansion pone into the radially expanded portion of the shoe; and 
radially expanding the expansion cone. 

47. The method of dalm 46, further comprising: 

radially expanding at least a portion of the shoe and the tubular liner by injecting 
a fluidic material into the borehole below the radially expanded 
expansion cone. 
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The method of daim 44, further comprising: 

injecting a hardenabie fluidic sealing material into an annulus t)etvyeen the 
tubular liner and the txKehole. 

The method of daim 44, further comprising: 
radially expanding at least a portion erf the preexisting tubular member. 

The method of daim 49, further comprising: 
overiapping a portion of the radially expanded tubular liner with a portion of the 
preexisting tubular member to provide a load bearing interiace and a 
fluidic seat. 

51 . The method of daim 50, wherein the inside diarneter of the radially expanded 
15 tubular liner is substantially equal to the iriside diameter of a nonoveriapping portion of 

the preexisting tubular member. 

52. The method of daim 49, further comprising: 
applying an axial force to the expansion cone. 

20 

53. The method of daim 44, wherein the Inside diameter of the radially expanded 
shoe is greater than or substantially equal to the inside diameter of the radially 
expanded tubular liner. 

25 54. An apparatus for forming a tubular structure in a subterranean fcxmatbn having a 
preexisting tubular member positioned in a borehole, comprising: 

means for installing a tubularliner, an expansion cone, and a shoe in the 
borehole; 

means for radially expanding at least a portion of the shoe; and 
30 means for radially expanding at least a portion of the tubular liner. 

55. The apparatus of daim 54, further oomprfeing: 
means for radially expanding the expansion cone. 



48. 



5 

49. 



50. 

10 



35 56. The apparatus of daim 54, further comprising: 
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means for lowering the expansion cone into the radially expanded portion of the 
shoe; and 

means for radially expanding the expansion cone. 

5 57. The apparatus of daim 56, further comprising: 

means for IrYjecb'ng a fiuidic material into the t>orehole below the nadially 
expanded expansion cone. 

58. The apparatus of daim 54, further comprising: 

10 means for injecting a hardenabie fiuidic sealing material into an annulus 

between the tubular Hner and the borehole. 

59. The apparatus of daim 54, further comprising: 

means for radially expanding at least a portion of the preexisting tubular 
15 merrt)er. 

60. The apparatus of daim 59. further comprising: 

means for overtapping a portion of the radially expanded tubular liner with a 
portion of the preexisting tubular menrAer to provide a load bearing 
20 interface and a fiuidic sedl. 

61 . The apparatus of daim 60, wherein the inside diameter of the radially expanded 
tubular liner is subslantially equal to the inside diameter of a nonovertapping portion of 
the premisling tubular member. 

25 

62. The apparatus of daim 59, further comprising: 

means for applying an axial force to the expanston oone. 

63. The apparatus of daim 54, wherein the inside diameter of the radially expanded 
30 shoe is greater than or substantially equal to the inside dianietw 

expanded tubular liner. 

64. An apparatus for forming a tubular structure within a subterranean fbmiation 
induding a preexisting tubular member positioned in a borehole, comprising: 

35 a tubular liner; and 
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means for radially expanding and coupling the tubular Iher to an overlapping 

portion of the preexisting tubular member, 
wherein the inside diameter of the radially expamjed tubular liner is 

substantially equal to the Inside diameter of a nonK>verlap|ring portion of 

the preexisting tubular member. 

65. A tubular structure positioned In a borehole wItWn a subterranean fbmiation, 
oompiising: 

a first tubular member; and 

a second tubular member coupled to and overlapping with the first tubular 
member; 

wherein the second tubularmember is coupled to the first tubular member by 
the processor 

irtst^Hng the second tubular inember. an expmsion cone, and a shoe in 
the borehole: 

radially expanding at least a portion of the shoe by ir^jeding a fluidic 
material Into the shoe; and 

radially expanding at least a portion of the second tubular member by 
injeding a fluidlc material into the borehole below the expansion 
cone. 

66. The tubular structure of dalm 65, wherein the process further comprises: 

radially expanding the expansion cone. 

67. The tubular structure of daim 65, wherein the process further comprises: 

lowering the expansion cme into the radially expanded portion of the shoe; and 
radially expanding the expansion cone. 

68. The tubular stmdure of daim 67, wherein the process further comprises: 

radially expanding at least a pwtion of the shoe and the second tubular member 

by injecting a fluidlc material info the borehole below the radially 
mpanded expansion cone. 



69. 



The tubular structure of daim 65. wherein the process further comprises: 
injecting a hardenable fluidlc seaHng nraterial into an annulus between the 
second tubular member and the borehole. 
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70. The tubular structure of daim 65, wherein the process further comprises: 
radially expanding at least a portion of the first tubular member. 

5 71. The tubular stmcture of daim 70, wherein the process further comprises: 

overiapping a portion of the radially expanded secmd tubular member with a 
portion of the first tubular member. 

72. The tutwlar stmcture of daim 71. wherein the inside diameter of the radially 
10 expanded second tubular member b substantially equal to the Inside diameter of a 

nonoverlapping portion of the first tubular member. 

73. The tubular shjcture of daim 70. wherein the process further comprises: 

applying an a)dal fioroe to the expansion cone. 

15 

74. The tubularstnjctureofdaim 65. wherein the inside dianteter of the radially 
expanded shoe is greater than or subslantiaiiy equal to the inside diameter of the 
radially expanded second tubular member. 

20 75. An apparatus for fbnning a weilbore casing in a borehole located in a 
subterranean fomration Induding a pre«dsting w^lbore casing, oomprtsing: 
a support member induding a first fluid passage; 
an expandable expansion cone coupled to the support member induding a 
second fluid passage fluldidy coupled to the first fluid passage; 
25 an expandable tubular liner movably coupled to the expansion cone; and 

an expandable shoe coupled to the expandable tubular liner compr^ng: 

a val>«abie fluid passage for controtling the flow of fluidic niateriate out 

of the expandable shoe; 
an expandable portion induding one or more Inward folds; end 
30 a remaining portion coupled to the expandable portion; 

wfierein the outer drcumfsrence of the expandable portion is greater 

than the outer drcumfiBrBnoe of the remaining portion. 

76. A shoe, comprising: 
35 an upper annular portion; 
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an intermediate annular portion coupled to the upper annular portion including 

one or more Inward folds; and 
a lower annular portion coupled to the intemiediate portion Including a 

valveabie fluid passage for controlling the flow of fluidic materials out of 
5 the shoe; 

wherein the intennediate annular portion has an outer drcumferenoe that is 

larger than the outer circumferences of the upper and bwer annular 

portions. 

10 77. A method of fbmnlr^ a wellbore casing in a subterranean formation having a 
preexisting weiitx)re casing positioned in a t)orehole. comprising: 

installing a tubular Hner, an expansion cone, and a shoe In the borehole; 
radially expanding at least a portion of the shoe tiy injecting a fluidic material 
into the shoe; 

15 lowering the expdnsion cone into the radially expanded portion of the shoe; 

radially expanding the expansion cone; 

radially expanding at least a portion of the tubular liner by injecting a fluidic 
material Into the borshoie below the expansion cone; and 

overtapping a portion of the radially expanded tubular liner with a portion of the 
20 preexisting wellbore casing; 

wherein the inside diameter of the radially expanded shoe is greater than or 
substantially equal to the inside diameter of the radially expanded 
tubular linen and 

wherein the inside diameter of the radially expanded tubular liner Is 
25 substantially equal to or greater than the inside diameter of a nonoveriapping 

portion of the preexisting weilbors casing. 

78. An apparatus for fomning a wellbore casing in a subten^nean fomnation having a 
preexisting wellbore casing positioned in a borehole, comprising: 
30 means for installing a tubular liner, an expanston cone, and a shoe in the 

txmhole; 

means for radially expanding at least a portion of the shoe by injecting a fluidic 

material into the shoe; 
means for lowering the expansion cone into the radially expanded portion of the 
35 shoe; 

means for radially expanding the expansion cone; 
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means for radially expanding at least a portion of the tubular liner by injecting a 
fluidic material into the borehole below the rad^lly expanded expansion 
oone; 

means for radially expanding at least a portion of the preexisting weUbore 
casing; and 

means for overlapping a portion of the radially expanded tubular liner with a 

portion of the preexisting wellbore casing; 
wherein the Inside diameter of the radially expanded shoe is greater than or 

substantlaily equal to the inside diameter of the radially expanded 

tubular linen and 
wherein the inside diameter of the radially expanded tubular liner is 

substantially equal to the inside diameter of a nonoverlapprng portion of 

the preexisting wellbore casing. 

79. A weiibore casing poslUoned In a borehole within a subtenanean fonnation, 
comprising: 

a first wellbore casing; and 

a second weiibore casing coupled to and overlapping with the first weiibore 
casing; 

wherein the second weHbore casing is coupled to ttie first wellbore casir^ by 
the process o^ 

instaliing the second wellbore casing, an expansion oone, and a shoe In 
the borehole; 

radially expanding at least a portion of the shoe by Injecting a fluidic 

materfal Into the shoe; 
lowering the expansion oone into the radially expanded portion of the 

shoe; 

radially expanding the expansion cone; 

radially expanding at least a portion of the second wellbore casing by 
injecting a fluidic niaterial into the borehole below the radially 
expanded expansion cone; and 

overlapping a portion of the radially exparKied second wellbore casing 
with a portion of the first wellbore casing; 
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wherein the inside diameter of the radially expanded shoe is greater 
than or substantially equal to the inside diameter of the radially 
expanded second wellbore casing; and 

wherein the \nskle dianr^eter of the radially expanded second wellbore 
5 casing is substantially equal to the inside diameter of a 

nonovertapping portion of the first wellbore casing. 

80. A method of fbmriing a tubular structure in a subterranean fonnatbn having a 
preexisting tubular member, positioned in a borehole, comprising: 

10 installing a tubular liner, an expansion cone, and a shoe in the borehde; 

radially expanding at least a portion of the shoe by injecting a fluidic material 
Into the shoe; 

lowering the expansion cone into the radially expanded portion of the shoe; 
radiatty expanding ttie mpansion bone; 
15 radially expanding at least a portion of the tubular liner by injecting a fluidic 

material into the borehole below the radially expanded expansion cone; 

and 

overiapping a portion of the radially expanded tubular liner with a portion of the 
preexisting tubular member to provide a load bearing interfeoe and a 
20 fluidic seal; 

wherein the Inside diameter of the radially expanded shoe is greater than or 
substantially equal to the inside diameter of the radially expanded 
tubular linen and 
wherein the inside diameter of the radially expanded tubular liner is 
25 substantially equal to the inside diameter of a nonover^pping portion of 

the preexisting tubular memt>er. 

81 . An apparatus for fonming a tubular structure in a subtenanean formation having a 
preexteting tubular member positioned in a borehole, comprising: 

30 means for installing a tubular liner, an expansion cone, and a shoe in the 

t)orehole; 

means fbr radially expanding at least a portion of the shoe; 
means for lowering the expanston cone into the radially expanded portion of the 
shoe; 

35 means for radially expanding the expansion cone; 

means for radially expanding at least a portion of the tubular linen and 
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means for overlapping a portion of the radially expanded tubular liner with a 

portion of the preexisting tubular nnember to provide a load bearing 

Interface and a fiuidic seal; 
wherein the inside dianneter of the radially expanded shoe is greater than or 

substaritialty equal to the inside dianneter of the radially expanded 

tubular lir^er; and 
wherein the inside diameter of the radially expanded tubular liner is 

substantially equal to the Inside diameter of a nonovertapping portion of 

tt)e preexisting tubular member. 



10 



82. A tubular stmcture positioned in a borehole wittiln a subtenanean formation, 
oomprtsing: 

a first tubular member, and 

a second tubular member coupled to and overtapping witti ttie first tubular 
15 member, 

wherein the second tubular member is oxjpied to ttie first tubular member by 
the process of: 

installing ttie second tubular member, an expansion cone, and a shoe in 
the borehole; 

20 radially expanding at least a portion of ttie shoe by ir\|ecting a fiuidic 

material into the shoe; 
lowering ttie expansion cone into ttie radially expanded portion of ttie 
shoe; 

radially expanding the expansion cone; 
25 radially expanding at least a portion of ttie second tubular member by 

injecting a fluldic material into ttie borehole below the radially 
expanded expansion cone; and 
overiapping a portion of ttie radially expanded second tubular member 
witti a portion of ttie first tubular mmiber, 
30 wherein ttie inside diameter of ttie radially expanded shoe is greater 

than or substantially equal to ttie inside diameter of the radially 
expanded second tubular member, and 
wherein the Inside diameter of the radially expanded second tubular 
member is substantially equal to the inside diameter of a 
35 nonoveriapping portion of ttie first tubular member. 
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